Sel ective STl Stress Rel axation Through Ion

I npl antati on Background of Invention 1) Field of the
Invention This invention relates generally to

sem conductor devices and nore particularly to

strai ned channel transistors and the fabrication of
sane. 2) Description of the Prior Art Size reduction
of metal - oxi de-sem conductor field-effect transistors
(MOSFET), including reduction of the gate | ength and
gate oxide thickness, has enabl ed the continued

i nprovenent in speed performance, density, and cost
per unit function of integrated circuits over the past
f ew decelective®S Hifitsea:Relaxatiopt hropghflonieptantation
further, strain may be introduced in the transistor
channel for inproving carrier nobilities. Therefore,
strain-induced nobi |IBAgkggobhadafimvéntien anot her way to
i Npr.Qv ransi stor performance in addition to device
1§g§ﬂgﬁ§ﬁh?%@@$¥9% several existing approaches of
introducing strain in the transistor channel region. 1
Summary of the Invention One or nore exenplary

enbodi ment s dfis triventeresdates igenerd!y dn semiaoniddetondevices and

. . f tur vice wth
WP AR TN ORMLIE Aot
follows. A first exanple enbodi mnent conprises the
follow ng steps and the structure forned therefrom A
2 BesCHonRm ofhe et A Si dewal 15 is formed w thin a
substrate. A stress |ayer having an inherent stress is

formed over the opposing trench sidewalls. The stress
| ayer havi ndiger tipapgmetal-oxecie-semiconductorfieid-effect

transistors (MOSFET), including reduction of the gate length and gate oxide
thickness, has enabled the continued improvement in speed performance, density,
and cost per unit function of integrated circuits over the past few decades.

To enhance transistor performance further, strain may be
introduced in the transistor channel for improving carrier mobilities. Therefore,
strain-induced mobility enhancement is another way to improve transistor
performance in addition to device scaling. There are several existing approaches

of introducing strain in the transistor channel region.




sidewal | s over the sidewalls of the trench sidewalls.
lons are inplanted into one or nore portions of the
stress layer to formion-inplanted rel axed portions.
The portions of the stress |layer that are not

I mpl anted are un-inplanted portions, whereby the

i nherent stress of the one or nore ion-inplanted

rel axed portions of stress |layer portions is rel axed
or reduced. The ions are preferably conprised of

boron (B) contai ni n§UNYRA3TY ehthe laxvestanexanyl e

enbodi nent, we use angled inplants to selectively

i nplanted into portions of a stress |ayer over an

i sol at i onOnememdresixadevadny . enviiodimentsorfrindipFaSEnhimdention
P-FET with their channels orientated at . abaut right
Pivited STHCuie Ang ararion o fudind s it eI
sfebewhichas yhaiptdreed dsdolidves, P fisT erarelpl- driodif@Anedrdprises
In a further exenplary enbodi nent, there is ﬁrovided a

theidlewhgutiers ard Hiceiivduredsiped fiargfrom. Admacniwvyingppposing

sldeGRAY id¥ohika Withn ﬁlég_ﬁgtrre?t eA sttljégsﬁésy%P ‘Flgvilﬂg‘é'nr] Hherent stress is
opposi ng trench walls; an a stress layel over the

fappoksivey the eppdsingiresch sidewstls.cldwe $tegasriaymniavipgasiress layer

i nherent tensile r .the stress layer includin
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may be defined by the clains. 2 The above and bel ow
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implants to selectively implanted into portions of a stress layer over an isolation
trench sidewall. We can form N-FET and P-FET with their channels orientated at
about right angles to each other. This allows proper stress to be selectively applied
to the P-FET and N-FET channels.

In a further exemplary embodiment, there is provided a
semiconductor structure, comprising:
a substrate;
a trench within the substrate, the trench having opposing trench walls; and
a stress layer over the opposing trench walls, the stress layer having an
inherent tensile stress; the stress layer including one or more relaxed stress jayer

portions having implanted ions therein.

Further exemplary embodiments may be defined by the claims.




clainms, to be considered |imtations on the invention
as defined by the clains, or Ilimtations on

equi valents to the clains. For instance, sone of these
advantages may be nutually contradictory, in that

t hey cannot be sinultaneously present in a single
enbodinent. Simlarly, sone advantages are applicable
to one aspect of the invention, and inapplicable to
others. Furthernore, certain aspects of the clained

i nvention ha\¥e ?ﬁﬂvel%‘é’nb@t‘l@‘é’cﬁ%é@@ﬁ%ﬁéd reatiesgedrercf no
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which: FIGS. 1 through 7F are m™xed cross-sectiona
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6, 7A and 7F being top down plan views and




FIGS. 3B, 4B, 4C, 7B, 7C, 7D and 7E being
cross-sectional side views. FIGS. 8 through 13 are
cross-sectional side views for illustrating a nethod
for fabricating selectively rel axed strained

transi stors according to a first exenplary enbodi nent
of the present invention. 4 Detailed Description of
the Exanpl e Enbodi ments The exanpl e enbodi ments of the
present invention will be described in detail wth
reference to t hcBHEEBgE&HPLiRG ofthriDigwing®e exanpl e
enbodi nents provide a selectively or conpletely

rel axed transistor(s) and nethods of form ng the
sane. Sone dhetfbatumsaamnl edertiageseid serdesodidter device
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the present invention OWS a cross sectional view

mere glegy Mémﬂst%oqh@oméb%@fml@g deacriptipniakers irconjunction with
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conreioBding elamgnisy regibheand perticals. andén fadrich: pad oxi de
113 and STI mask | ayer 115 over substrate 110. STI
mask |ayer 115 may be conprised of SiN, for exanple.

Ve form STl HGene thradgh 7R aﬁébﬁ&é@bﬁ;séls%ch&w SRAOVIew 8 top
Ia er 113 and STI nmask |ayer 115. Next we W%\f perform

dgyn @bqn vRYe forribugtiatiag ad%eér@dcﬁoeééabncmsela@tl ialaxeder
sthiRediralbRiord beddrBfgho tldecont e mty T b Rfment of the present

invention with FIGS. 1, 2, 3A, 4A, 5, 6, 7A and 7F being top down plan views and
FIGS. 3B, 4B, 4C, 7B, 7C, 7D and 7E being cross-sectional side views.

-

FIGS. 8 through 13 are cross-sectional side views for illustrating
a method for fabricating selectively relaxed strained transistors according to a first

exemplary embodiment of the present invention.




conprised of, for exanple, oxide or oxynitride and is
preferably conprised of 5 oxide. Liner 120 may be
formed by an oxidation. Liner 120 may have a thickness
bet ween about 30 and 150 angstrons for exanple. B
Stress layer Referring to FIG 9, in an exenplary
enbodi nent of the present invention, we formstress
| ayer (stress liner |layer) 125 over the walls of
trench 117/liner 120. Stress |ayer 125 may be

conpri sed Retailed Desesiption offherkxample Embgdiments
oxynitride or silicon nitride and is preferably
conprised of silicon nitride. Stress layer 125 has an
i nherent stress that exerts a conpressive stress

wthin at | east the proxi mate adj.acent substrate 1]10.
Thus, st resq TegABSMERRIMALGS I Piaser oReTissM e
dSbERRE ih Rt wite Rfbletics ith B85S abeRbanirl@dadirie ThelShnple
Stress layer 125 may have a thickness between about 5

eghedimantsigyee erislqcdively aaepnwletely retsvred tpgnaistor(s) and

' R i ' t,of .
AR S BrhahFsate, S @ s EFORINY cFARRHERS adrive o
teridfe sirehs linerslagé0 Also alther ernbedinwnds eart ese atcbogpressive stress
Stress layer 125 to forminplanted stress |ayer 125A
lipgr IB¥eh hought  that the ion inplant (1/1) relaxes the
intrinsic stress in stress |ayer 125. Exanpl es of
i ons-containing inplants that can be used are Ge, Si,
P and B. Relaxes neans _|ess or |ower stress. Any ion
t hat Ar educedtHEXAMRIeLEMPodiBeRt r ess fil m can be
used. Preferably any ion (e.g., B-containing ions)
can be used that reduces the stress of the stress

filmafter imBlanin aremplibsEamnbimhdrit of GlcdprasedtiBvention,

rel axed stress after
shows a cross sectional view of a substrate 110. Substrate 110 may be, for
example, a semiconductor substrate comprised of, for example, silicon (Si), silicon

on insulator (SOI}, Ge or SiGe or any suitable material.

We form pad oxide 113 and ST! mask layer 115 over substrate

110. STI mask layer 115 may be comprised of SiN, for example.

We form STI trench 117 in substrate 110 thru pad oxide layer 113
and STl mask layer 115.

Next we may perform an optional pre-liner oxide clean.

Then, we form liner 120 within STl trench 117. Liner 120 may be

comprised of, for example, oxide or oxynitride and is preferably comprised of




subsequent anneals. 6 Boron containing ion

inplantation The ion inplant may preferably inplant

B-containing ions. The ion inplant process nay

conprise, for exanple, inplanting B, BF2 or B2F5 ions

and preferably BF2 and at a dose between about 1E14

and 5E15 ions per square centineter at an energy

bet ween about 1 and 25 KeV. B-containing ions are

preferred since it is thought that a stress |ayer _

oxisiepkinged28may ke {med bysqrbexidatiomibigerg2Qmay hpvea thickness
hst [ d al so remain

bﬁeygé;g%bmgf%@eérﬁbga&gg%ﬁn%aﬁgg?tnp%!t i s thought

stable B-N bonds can formin the stress |ayer after

anneal s. The ion inplantation process nay be a

convgjt! onalsﬁgwégep.e ion inplantation process, a

pl asma i mersion 1on inplantation (Pill), or any other

ion inplantation process known and used in the art. D.

Optional Anneal Referring to FIG 11, in an exenplary

enmbodi ment d?efeﬁmgﬁbéjé@ng, injamvesrerngaty embodiment of the present

. ks erfor ' h d kee
ROR e RIS oty 2SS P B B hlsror e
1113/linet 1?@(%5&;rlyyerﬁd25anay ﬁahsa@prla@tj dif foe esa’;np@, witlide, silicon

i nt.roduce hi tenperature anneal processes/steps.

Oévwérscg ?fai}’&"%lr‘z%'dﬁé&?db% PEaipRRIYcPraBRiRAd el ondHtrie

ion inplantation 150. For exanple, an optional anneal
process can be perforned after the ion inplantation

150 and bef drteessHayardi2drdidsom isheT it stress that exettaigeompressive

sgrggs Wﬁﬁfﬁ at least the proximate adjacent substrate 110. Thus, stress layer 125

may have an inherent tensile stress ( e.g. tensile stress layer ) (also see below).

Stress layer 125 may have a thickness between about 50 and

250 angstroms for example,

C. lon Implant

Referring to FIG. 10, in an exemplary embodiment of the present
invention, we next implant stress layer 125 with ions 150 to alter the
characteristics of stress layer 125 to form implanted stress layer 125A. It is thought
that the ion implant (I/l) relaxes the intrinsic stress in stress layer 125. Examples of
ions-containing implants that can be used are Ge, Si, P and B. Relaxes means
less or lower stress. Any ion that reduces the stress of the stress film can be used.
Preferably any ion (e.g., B-containing ions) can be used that reduces the stress of
the stress film after implant and substantially retains the relaxed stress after

subsequent anneals.




FIG 12, for exanple). In another option, the
ion-inplanted stress |ayer 125A may 7 be anneal ed
during a subsequent anneal, such as a S/ D anneal,
silicide anneal, any anneal during normal subsequent
devi ce processing, etc. The optional anneal process
may be perforned at a tenperature of, for exanple,
bet ween about 750 and 1100 C for a tine between about,
for exanple, 1 second and 5 m nutes and preferably at
about 900 degrees C for about 30 seconds. It is noted
that other anneals would be effective as |ong as they
neet these mnimumrequirenents or have such
Barphicoirdaining dondmpdgotaionit is noted that the
inplanted SIN filmmay relax even further after the
anneal possibly because of the formation of B-N bond

(not Si-N bamgsipn ikbrang a?%ﬁefeﬂatii?ﬂﬁmgllaﬁt Bldo@&snih@¥®is. The ion
125A after the 1/1 and anneal (at atever_stage).is
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aﬁgggu eCEREs neals. o & hevghi stablsoBN fopds a@fafqamzn@%stress

|§Maﬁé,ag,ﬁ}l,eea|s Any optional, or other, anneal does not
substanti al | change/ al ter the stress in the

i npl ant ed or“}/h’r@mn implaitaten process mayyker a pom\termnsai Peraen-line
W@&Sﬁbr{ 8 o%égg, & Bfatsln%qﬁﬂn%rs}omoﬁ tlnr’tSI%%tatl X?I‘silﬁ or any other

ion implantation process known and used in the art.

D. Optional Anneal

Referring to FIG. 11, in an exemplary embodiment of the present
invention, while an optional anneal 151 may be performed which should keep the
implanted film 125A relaxed. Optional anneal 151 is not necessary. Also,

subsequent processing will introduce high temperature anneal processes/steps.

Stress layer 125 may be annealed sometime after the ion

implantation 150.

For example, an optional anneal process can be performed after
the ion implantation 150 and before the formation of ST! isolation layer 170 (see

FIG. 12, for example). In another option, the ion-implanted stress layer 125A may




stress that is fromabout 0 %to 40% of the
non-inplanted tensile stress layer. After anneal, the

uni npl anted portions of the stress layer still have a
tensile stress between about 0.5 and 1.4 GPa. The
anneal probably will 8 not appreciably change the

stress in the inplanted stress layer portion and the
tensile stress could remain the same as before, or
her t han, before, for the non- inplanted regions.
Jﬂfg‘i?ti"‘m Retlraausyt apeeat) Sachfzs a P aﬁnealeﬁ*bpfae@nneal

?@ﬂb@?@ﬁnr&f ndrial s@b ht HEMES bidRs i}“@oéﬂfcor t he

trench 117 with an I nsul ation nateri a m STI
i solation layer 170. The isolation |ayer may be

d ofs xt
T3 ST it et aREREE b b Rerar LA teMperature
off rfpt exmeplzesbemnl ghyeit 7323Adahou e faaada tone %@tW@e/reéb&ﬁ&or
e%égw quC%q%%ﬁg %rngtﬁe , abltéq ep (%Il P[:_é%gr@gfye@t a&p&t §r§p ,%gggees C for about
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F. Form FET on substrate erring t
ﬂwe mmlraumﬁ@uwer@egztsafﬁmﬁmnh SuffiCtGﬁé tl'parrm pycle. It is noted that

tlﬁegﬁf? Ehtgﬁ Sdfgﬁhbgﬁwa a}glagggeé '%@Jaerrﬁ? tra S;’):(?g%g@)é)ecause of

tieefarmationsf BeX bead (At Side bondsh) structures hayl ng STI
| ayers 170 from FI G 12. FET 180 can be conprised of
S/ D (source/drain) regions 182, gate 184, and channel

regi on 186. ﬁH@F%tﬁé%’s@ﬁt@sﬁl@%ﬁejs@bé%ﬁﬂ@&éﬂwr HY 1N dd&nneal (at

STl structures at this
whatever stage) is preferably between about 0.0 and 0.2 GPa.

Example of a tensile stress layer

For a stress layer 125 that has an intrinsic tensile stress, the ion
implant reduces intrinsic stress. For example, a tensile stress layer 125 before the
ion implant may have, for example, a tensile stress between about 0.5 and 1.4
GPa.

After the ion implantation and any optional anneal, the implanted
portions of tensile stress layer 125A may have a tensile stress between about 0.0
and 0.2 GPa, for example. Any optional, or other, anneal does not substantially

change/alter the stress in the impianted or non-implanted stress layer portions.

The implanted relaxed portions of the stress layer can have a
stress that is from about 0 % to 40% of the non-implanted tensile stress layer.
After anneal, the unimplanted portions of the stress layer still

have a tensile stress between about 0.5 and 1.4 GPa. The anneal probably will

8




poi nt reduces or neutralizes the stress on channe
region 186. 9 G Another option- 1/1 stress liners
around N-FET devices -not around P-FET device Anot her
option in an exenplary enbodi nent of the present
invention would be to inplant the stress liners
surroundi ng NFET devices and mask the stress liners
around PFET devices. This may enhance hole nmobility in
P- FETs, apd the reduce stress in N FET channel s

npt arpregiablvetharge dhe ABBS it Implantsshetesasdayertraition andthe
téﬂ%ﬂfea'rt]r%s?% gﬁ%@@ﬂnﬁtrﬁﬁ@%rﬁ?ﬁé befors & I'h?’ ) Bbﬂ)ge 18Pthe non-

that reduce PRLFI NSI e T ass
nsmaeﬁwrbgwas 125 (form ng ion- inplanted relaxed
stress layer 125A). B-containing inplanted rel axed
stress layer 125A has the inportant property of
remai ni ng rel axed even after any subsequent annea
procé&sses. ISY¥iésolatient, stress |ayer 125 inpl anted
with other ion inplants (e.g., Ge, P+, As+, Sbh+ )
increase their intrinsic stress after subsequent

anneal s ngal.s te ure her .than
About 500" qETelEd u ERS i oh SRRV b S Lor S
prespet mvﬁpﬂlcarm‘v@iflll/\nhbhreﬁchet 17 With bAMsUEtRN(Ra@rial ©ForrPSTI
AE?E 3b+ increase their tensile stress after
isolasiongavtt! "Qnneal s performed at  anneal s hi gher than
about 500 degrees C. Second exanpl e enbodi nent FIG 1,

in an exenplary enbodi ment of the present invention,
i || ustrates Thatsalatiordayer mayibegoomerisex afmneoxide, for example.

net al - oxi de ' t ffect ran St or. .

( MOSFET) / f P@e%g]pég;bg‘ﬁe n%ﬁﬁﬁ%?ek '@#%VT ﬂ}% é?”ﬁﬁf ion-
inylentedrstreBe (iyen 125A above pad oxide layer 113 are removed, preferably
during a CMP (chemical mechanical polishing) step (or other appropriate

planarization step) to form the structure shown in FIG. 12.

F. Form FET on substrate

Referring to FIG. 13, in an exemplary embodiment of the present
invention, we form an FET (field-effect-transistor) 180 on an active area of
substrate 110 that may be defined as between adjacent STI structures having STI
layers 170 from FIG. 12. FET 180 can be comprised of S/D (source/drain) regions
182, gate 184, and channel region 1886.

Implanted stress layers 125A within the STI structures at this

point reduces or neutralizes the stress on channel region 186.




12 is an N-netal -oxi de-sem conductor field-effect
transistor (N-MOSFET) region and region 14 is a

P- net al - oxi de-sem conductor field-effect transistor (P
MOSFET) region. While two regions 12, 14 are
illustrated in FIG 1, there may only 10 be one
region or nore than two regions that may be all

N- MOSFET regions, all P- MOSFET regions or a

conbi nati on of N- MOSFET r egi ons and P- MOSFET _regi ons,
for Exanpl e Anathesoptiogul/l ﬁtaesw'wmpumgvﬁ@ dawices —not
N- MOSFET gesil A p.FERYe @ eP- FET regions and N-FET
regions, respectively. Substrate 10 may be, for

exanpl e, a ygivteIbt6h M aﬁlébzéhfp?ewenmemﬁér&ezmﬁé réé?!nt
exanple, silicon (Si), silicon on insulator

inyentpwoulcgig mf@ntﬁbe FH9SH BneIR pUE AL PAPY élFE(T dewces and
n?a%ﬂ‘tﬁc?@ﬂé&é ﬁﬁerg%mgoafbﬁm%%vﬁ}awh; hdy (g'r\ﬁhaﬁfce't{bléﬂlob:hty in P-

exe t he resen I‘’nven

FEds ;as\dtthe gedina $toasstin BRERTI mhaeilscémc(aﬁﬁb)eieotmdmebllm;t)
18 are forned about the periphery of N-MOSFET regi on
12 to form NN MOSFET active region 12 and P- MOSFET
region 14 to form P- MOSFET active region 14. STI
trenghes 16,Corhfhemty each have a width of, for

exanpl e, fromabout 0.05 to 10 pmand nore preferable
fromabout 0.05 to 1 pm STl trenches 16, 18 may each

have a dept e fro about, 2000 _to 4000 .
angst r ons agﬁfeﬁg{rg OE ?érrsggﬁfh?l %ﬁ’{}ﬁ{‘t ‘52% Bt-%orggtatgwg on
inaplgst 130Tthat Tédicek (ﬂm\%ﬁﬂtm?sz@fstré%ﬁ n{sa‘ggg Gdyley @26 [RMGIRSion-
et ween abou degr ees

R SRR BIK R ireB ety 258, BaoAbist BTN jolaxeststrews layer
1908EAT o PR R RS BRI D B Beggen
aoioedl ipgocasses olntavtrast stresplayat $25 ilysleatetividtH gthientom intpdants

(e.g., Ge, P+, As+, Sb+ ) increase their intrinsic stress after subsequent anneals

performed at anneals temperatures higher than about 500 degrees C.

For example a tensile stress layer implanted with other ion implants (e.g., Ge, P+,
As+, Sb+ ) increase their tensile stress after subsequent anneals performed at

anneals higher than about 500 degrees C.
Second example embodiment

FIG. 1, in an exemplary embodiment of the present invention,
iflustrates substrate 10 having one or more metal-oxide-semiconductor field-effect
transistor (MOSFET)/ field effect transistor (FET) regions 12, 14 therein. Region
12 is an N-metal-oxide-semiconductor field-effect transistor (N-MOSFET) region
and region 14 is a P-metal-oxide-semiconductor field-effect transistor (P-
MOSFET) region. While two regions 12, 14 are illustrated in FIG. 1, there may only
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sidewal I s of the stress layer. Trenches 16 18 may be
formed by, for exanple, using a masking |ayer (such
as pad oxide layer 15 and a masking | ayer 17 (e.g. a
nitride masking |ayer) (see FIG 3B, for exanple)) as
an etch mask. It is noted that pad oxide layer 15 may
be optional and may al so be conprised of other
suitable materials. 11 As shown in FIGS. 3A and 3B, in
an exenpl ary enbodi ment of the present invention,

bgrans fieg wr'ar@ topaAvo praiers Natayabiee pbNMOREET regnons all P-
OSSRt f BERIRI EGSRR SR Bt o gees
regignddor @xamplraktgsd mted higatd3MBSHioT regides bpd NgMOSFET regions

f | b
PSS b PR ol el or ot | oo
oxi de. Oxide liners 20, 22 nmay be formed by, for

exanpl e, oxidation of the exposed STl trench walls.
Each oxi de ISuhsiateg]0 pmayhe, frRx@mplers srmisegdestor pepstrate

f t G
R ol o PR B Mg ORI AP BE Br Sice.
Smswatye Kemeayperaryesilitablectadmeicosdudtabsubstrateer i al s. 1.
Stress liners As shown in FIGS. 3A and 3B, in an
exenpl ary enbodi nent of the present invention,

respect l ve Iﬂ(ﬂkﬁmﬁm intRtas bl & &t é)@@m‘pl(aﬁy Smbodlinidrit @edhe present
l'i ners are formed over IS\]_pectlve si dewal | s of

'QV@QH%é§Sr1%CtW%5haH@~ §¢BEN isolgliont (S/é) trefckies dey 1@ are formed
ab8ut 8 oek Jbﬁgfysof%@nnc%eﬁé@am 1tB85n Rﬂmpﬁwxg% region 12

conprise exanpl € icon nitride,
apsyhMQSideT segion 4#1te 6wm HN@SE&/Tsacttwewaglowm Bii ttenches 16,

t r gon n| tr
1§ Eleedtiaf g B ST BEYaihee P ARG TR vy and more
pldferabie Bbmesmut DI0S toclapmb8 Tl pentEkLIR 18 Mgy dheh BEVE b@epth
o%‘,?gre&ampie, from about 2000 to 4000 angstroms and more preferably from
about 2500 to 3500 angstroms.

The sidewalls of the respective trenches may be angled from
between about 90 degrees (vertical) and 80 degrees and are preferably about 90
degrees. See cross sectional views in FIGS. 3B, 4B etc. The trenches and the
angle of the implant can be configured to have the implants substantially into the

sidewalls of the stress layer.

Trenches 16 18 may be formed by, for example, using a masking
layer (such as pad oxide layer 15 and a masking layer 17 (e.g. a nitride masking
layer) (see FIG. 3B, for example)) as an etch mask. It is noted that pad oxide layer

15 may be optional and may also be comprised of other suitable materials.
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Each nitride liner 24, 26 may have a thickness of, for
exanple, fromabout 50 to 250 angstrons, preferably
fromabout 75 to 125 angstrons and nore preferably

about 100 angstrons. Nitride liners 24, 26 each may

have an inherent stress (as will be discussed in

greater detail below) which in turn exerts a at | east

a uniaxial stress (x and y directions) into respective

N- MOSFET channel (s), and P- MOSFET channel (s). For
exanpl e, an% i klG9s Bfeankt 3B inan gxesiplany emlgpdiment of

: L de Lim :

e FRSEAC o8 ko BT 0Ate cfRh it SeseTndy FRERIGARE Bllowed

by thaenfosingtiare of vespetiiva-oxide kinensl 20, 28 aoBplrteswihes 16t 18sBxide

Wt hy T cha can .degrade, the N FET

20" o B Pl PRABRle. MR REP T iy Viners skate o, For

exainphd, &r a ST Esstivte 301 ®8de WdrBi2e, P2 MXBRET cemphs® of silicon
44 mg_r oves the P-MOSFET Idsgg 'Ff(enhanm ng its hole

OXigsi Pridg)linerp?@ 2hmaviteformped gy HORerERe, Sxidatorakig

oMpSILABTIAURN 5! EaRhioRR IRRF 2] 85 iy 1HAV8 LHRABST of, for
channel width. Also, a uniaxial "~conpressive stress I'n

exdoplg; freot aleut géripeidi angstromso anthenarb gneferably ttom aifous 50 fo

b S i ly d d FET f :
oA P B AR T RS0 S5AB0S.
(HS), that is a conpressive stress of greater than
about - 2 Gpa, or a |l ow conpressive stress (LS), that

is a,stress ?f fromabout -0.2 GPa to -0.5 GPa It is
notell that XHeRSHE Sadverse effect of high STI stress

dof ect's | hat S BoSSSAEte My 3 Bodiment o
tibuprengnttibveerfibh, prapeetive mhdrdrt &dlisilg stress Galagiridedness 24, 26
alaen%rr%gé io(\)/g-rS r sipeelct?ve gigg\%/gﬁsngf trenches 16, 18 and over respective
dielectric (oxide) liners 20, 22. Stress liners 24, 26 may be comprised of, for
example, silicon nitride, silicon oxynitride or a silicon nitride/silicon oxynitride stack
and are preferably silicon nitride. A dielectric layer can be formed over the

substrate. Then a stress liner can be formed over the dielectric layer.

Each nitride liner 24, 26 may have a thickness of, for example,
from about 50 to 250 angstroms, preferably from about 75 to 125 angstroms and
more preferably about 100 angstroms. Nitride liners 24, 26 each may have an
inherent stress (as will be discussed in greater detail below) which in turn exerts a
at least a uniaxial stress (x and y directions) into respective N-MOSFET channel(s)
and P-MOSFET channel(s). For example, an inherent tensile nitride liner 24, 26
(tensile nitride liners 24, 26) exerts a compressive stress within respective N-
MOSFET and P-MOSFET channels 42, 44.

12




J. I'/1 (lon Inplant) It is noted that the ion inplant

or Boron-containing (B) ion inplantation (1/1) may be

a two step nmethod. K First I/l As shown in FIG 4A

in an exenpl ary enbodi mrent of the present invention,

a first angled ion inplantation 50 is performed into
portions of tensile stress nitride liners 24, 26 to
formion inplanted rel axed portions. Exanples of ions

of ions-containin npl ants that can be used are

Si, Pand B. %Péﬁ&pkmeycor%w%% sfresgwithin. e ar ﬁTrr@anne!
chﬁ'ﬂi‘ébréh@ 'th@?\l W@FE?%S&&?@&G@%Q lﬂ%eeféétfcﬁ?ﬁ’mﬁfht){) lﬂ\ﬁnle a uniaxial
stress Imafter inpla and subst ant 1 al
C@mnrﬁfﬁﬂ\tﬁ/@@ase@ﬂu@ﬁ’ MQS%ST thenreb44 iropeves tbe PeM@SFET Idsat

R RO BBk bR 0 FSSRER g wi

cbmpséssawgétmtshm‘ralrel tdBhecPM@s ﬁEﬂTg:hlaﬂﬁel Wigkia | ed, lapurméﬁal
erfor d m&hﬁgoruons of nS|Ie s&}]ress nitri

CPFW ?%Sf\@s resg Ip irection RpRPSN Y %retﬁcfh@ ﬁ?”?'d\’fgi’i’eof a NFET

iy St-ShigHifieRhtly @B@FH?J%J NME@%ﬁBFm%M%Tn%& ¥ f f?)r elther a

active Tegion é?h% are thus roughly
highecaraprigesive ﬁff@ﬁs hitfeat 1wwpmm$sawevem$roﬁmemer tham about -

28645 4 61 okl B 150 F b PR S Bopl i oPat
-@.6relbgt ed at an angle of, for exanple, fromabout 2 to
o o el B e ek o RS she i e
peSsiBilityesthe Qﬁﬁ%bﬂ &f (%lﬁddn?%e#écf?%a?é@ul@%r&&éga@é‘%ﬁng the STI

respective N-FET region region 14
eflge ddring e aiﬁg/pruoﬁpas%mm@teadmgmt!aakagehesm anghserfous yield

cbhé&difibes 16,

J. i1 (lon Implant)

Itis noted that the ion implant or Boron-containing (B) ion
implantation (I/l) may be a two step method.

K. First I/

As shown in FIG. 4A, in an exemplary embodiment of the present
invention, a first angled ion implantation 50 is performed into portions of tensile
stress nitride liners 24, 26 to form ion implanted relaxed portions. Examples of
ions of ions-containing implants that can be used are Ge, Si, P and B. Preferably
any ion (e.g., B-containing ions) can be used that reduces the stress of the stress
film after implant and substantially retains or improves reduced stress in the

relaxed stress after subsequent anneals.
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18 and over the top of respective regions 12, 14 is

not shown to sinplify the top down FIGS. (i.e., e.g.,
FIGS. 4A, 5, 6, 7A and 7F) but is representatively

shown in FIGS. 4B and 4C and 7C (i.e., inplanted

bottons 31. It is noted that any inplanted bottons of
trenches 16, 18 will not appreciably affect the stress

on the channel region as significantly as the

sidewal | s of the trenches. FIG 4B is a cross

sectional vie@n&xeRylary gebofimentiofithe presentinvgntions|agreferred
Mtk aBIgR B FARE RS, P TR0 80 P08 pefEf i partons o
tegGile stresepittidamliness 2¢, 20 tleatds drighbi plepahdicHi2r tcbthe t6&e-formed

. i i tride Li 24,26 |
R il S pERREST R aB it Sete BRI 20 g tavs rqugely
paidiieRdoith® tabé-f&rehaed d:Hlaerfe:I Width &P PanDSFE TOBR withfeadive region
e | hers

1HBBISY S5 40% SHNGHIS] G- ) s e apordalsing asing cgisiplant 50
. t : . ' 64. 66
B e FT eI Rl 00 BT HE oA 230 28 igredtoan
matg peefetabloab@o 7atrgraes secwitalt ionstarg énplanfdaintcecne sidewall
) h N ElL.G .5, I .
SZrtpatnane 5ol RBPGHR ol iyt PBloF S bRl T
rdafiGro M2 FOREAiragiog 14B) i on i nplantation 60 is perfornmed

into portions of tensile nitride liners 24, 26 that
roughly parallel the to-be-fornmed channel |ength of

N- MOSFET 30144 hbicd tR&E AMPint S 9hta0ort #ithNtHe HoRtoh WSrenches 16,

about
18 and over the top of respective regions 12, 14 is not shown to simplify the top

down FIGS. (i.e., e.g., FIGS. 4A, 5, 6, 7A and 7F) but is representatively shown in
FIGS. 4B and 4C and 7C (i.e., implanted bottoms 31. It is noted that any implanted
bottoms of trenches 16, 18 will not appreciably affect the siress on the channel

region as significantly as the sidewalls of the trenches.

FIG. 4B is a cross sectional view along line “4B-4B" in
FIG. 4A.

FIG. 4C is a cross sectional view along line “4C-4C” in
FIG. 4A.

It is noted that the use of an angled implant 50 ensures that only

one side (sidewall 52, 54; 56, 58) of each opposing nitride liner 24, 26 is
implanted.
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per pendi cul ar to the to-be-formed channel |ength of
P- MOSFET 32 within active region 14). This second
B-contai ning angled ion inplant 60 nay be conducted at
an angle of, for exanple, fromabout 2 to 45 degrees
and nore preferably about 7degrees such that ions are
inplanted into the other sidewall 62, 64; 66, 68 of
each opposing nitride liner 24, 26 for each respective
N-FET region 12/P-FET region 14 so that both nitride
liner si dewdd §edrznclsidenialls gue agledptbe tifgd imglast SOell only
‘ . N f el ant
TR Pro SRR i STHobbESIN gRRle S 22 0B 3T
fas@atios DAimBlaniedeidewdBAG2/6 GAA; 5BA, 588N TheeenBirdRr of the

and, 7 i I . the first d d,
sERysEpvll 2ot sotia FEAPeEbe shafnicEor bimenfiitig % icion
iniSidntagion 50rarekasYesyill Bot §8Simpirded.ons or B2F5 i ons.

he first and second B-containing ion inplantations
50, 60 may bhe conducted at a dosage of, for exanple,
f r onfabout 139501'&”50 5 E 15 atons/cn? and nore
preferably from about 1 E 15 to 2 E 15 atons cnR. The
first and second B containing ion inplantations 50,

60 may be cepdirehedn®Gas, BneT Siendbland smbeiaiant f tHe Hasent
about 1 to 25 KeVs and nore preferably from about

3
invgntien. i@esacondaangled hasaniceplaipal Bbiendiretandatiansgo isepasformed
in@r?’ Y& A ensRE Akl Nfersi N Zb'fﬁét%%@ﬁi}/ %ré?l%?ﬁ%stﬁabé’lkormed

pl asma I mersion 1 on inplantation ['T1"), or any ot her
charmal fgrighim vANHMOSHEI 3G witkincaativanepios d8 (and ahethastabout

' 0 [ i mpl atei be.
auRntlch sl € IR B PR Roh oD A i ERirer 32 i B8ive
reerutl 4)1 Thisldedond B-Eoritainied angiés foh infptart@oenay ekajorblitted at

fromabout 1 E 15 to 2 E 15 atons/cnB within
an angle of, for example, from about 2 to 45 degrees and more preferably about
7degrees such that ions are implanted into the other sidewall 62, 64; 66, 68 of
each opposing nitride liner 24, 26 for each respective N-FET region 12/P-FET
region 14 so that both nitride liner sidewalls 52, 62; 54, 64; 56, 66, 58, 68 of the
selected opposing STI trench portions are implanted with B ions to form implanted
nitride liner portions 52A, 62A; 54A, 64A; 56A, 66A; 58A, 68A (see FIGS. 6 and 7A

et al., for example).

For the first and second angled ion implantations 50, 60 the B-
containing ions may be, for example, B ions, BF ions or B;Fs ions. The first and
second B-containing ion implantations 50, 60 may be conducted at a dosage of,
for example, from about 1 E 14 to 5 E 15 atoms/cm?® and more preferably from
about 1 E 15 to 2 E 15 atoms cm?. The first and second B containing ion
implantations 50, 60 may be conducted at an energy of, for example, from about 1
to 25 KeVs and more preferably from about 3 to 10 KeVs.
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inmplanted nitride liner portions 24A, 26A. The B
containing ion inplant can be detected by SIM since

the nitride filmwould likely contain B and N peaks

that are above normal back ground |evels, that is >
1017cm 3. For exanple, a B dose may be from about 1

E18 to 1 E20 atons/sqg-cm and an N dose may be from
about 1 E21 to 1 E22 atoms/sg-cm XPS can be used to
check for the presences of B-N bonding. For exanple,
a B - N peak hedQn jariaptalienproaess mag be q gonventioral eam-line
on g . L _ N,

T RARAUOR B BT labg i s g APk TEIG, 9 any other
igreirplantatien potceds Knawn iand msedas precartof an exenpl ary
enbodi nent of the present invention, only the first

angl ed B- containing ion-inplant 50 may be perf orned.
That is, forThexasprel seohy B R iafpldMaticHRsE is0onE) 8e
malls%éPortions of tensile stress nitride_ liners 24,

cordygiad tq & cppeRyHIaHop & Jenaxamples frop abrutild= pé-to §riEdé
. it i . . 10
IRIPE e dethe Iy ol A 812 BREYE G A It
iroplantesl nitridgtiimeo poioMOBRET28R. wi t hi n active regi on
14)] may be inplanted wwth ions. 16 M Optional Anneal
As shown in FIG 6, in an exenplary enbodi nent of the

present  entio@i BresatainiftEiodtimpint can HRYddI6ctsd By SIBHsihée the
n. optional anneal 51 at a tenperature of, for

g5 Meworidgkeltenitain thang Naerakgdfalears abovenofrahkack ground
|e§g@ﬂﬁha%?s L%‘%S%%Qémgr& a S%B|§§ ﬂﬁybeﬁg?@%g ?EQS to 1E20

grees C for out 30 secon
atsedsg-armand snibdose may deffortiabeuts B2d1tg 1&8 2tdteysiseetm.
t hese m ni num
XPS can be used to check for the presences of B-N bonding. For

example, a B — N peak may be at about 190.4 eV.

it is thought that the ion implant (I/) relaxes the intrinsic stress in

I/l implanted stress layer portions 24A, 26A.

It is noted that in one aspect of an exemplary embodiment of the
present invention, only the first angled B- containing ion-implant 50 may be
performed. That is, for example, only one of the opposing side walls [portions of
tensile stress nitride liners 24, 26 that is roughly perpendicuiar to the to-be-formed
channel width of N-MOSFET 30 within active region 12 (and are thus roughly
parallels to the to-be-formed channel width of P-MOSFET 32 within active region
14)] may be implanted with ions.
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requi renments or have such sufficient thermal cycle.
This anneal 51 is optional as other subsequent anneals
may be sufficient such as, for exanple, a S/D anneal,
silicide anneal, etc. Optional anneal 51 should keep
the inplanted filmportions 24A, 26A relaxed, it is
not necessary as subsequent processing will introduce
hi gh tenperature anneal processes/steps. Any optional,
or other, anpeal does not substantially change/alter
the 8ress iQPYPRAIARI M ed or non-inpl anted stress

| ayer portions. The anneal probably will not

appreci ably change the stress in the inplanted stress

llayer portigstgwh RG. 8NE dreesdmpRsy 6PBbEINAITRE thd H@sent
sane as before, or higher than before, for the

efedimpitaHieceirycdgiegnay brsubiprteddod wifoset anpal §1/t @
Foetflrg R EBpARDE, SEROAIRGo3h oD B8 or g gt 27
3a8rseSdihds sid praferablagteaba@r 20Q degrdesdl &tri aboul 3§ sec@Ws. A9s

BB 851 BB s Heul b sBraEG By iafpiger Besparpmum
r&?lTi%n(é%EEﬁé\)e 8Qch 3aficidrt therral eeriPl ary embodi nent
of the present invention, the orientation of the

N-FET / N-MOSFET channel length(s) is/are roughly

di cul an. ; .
Phe prrET /1 IS PRy 208 bpthal 3 e et Aol may be

siffickeinGsudhras, Asr sxawple a FD@nneal, silicideranmealnelaGptional anneal
S REe e sbPRSRERR e REACR xS0 yepessary as

subsequent processing will introduce high temperature anneal processes/steps.

Any optional, or other, anneal does not substantially change/alter
the stress in the implanted or non-implanted stress layer portions. The anneal
probably will not appreciably change the stress in the implanted stress layer
portion and the tensile stress could remain the same as before, or higher than

before, for the non-implanted regions.

N. STI Oxide

Referring to FIG. 7A, in an exemplary embodiment of the present
invention, we fill respective STI trenches 16, 18 with an STl isolation layer 27, 29.
Isolation fayer 27, 29 may be formed of oxide, for example. We may remove any

pad oxide 15 and mask layers 16, for example.

0. Form FETs (MOSFETs) 30, 32
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region 12 and a P-MOSFET (FET) 32 may be forned within
P- MOSFET (FET) active region 14. Each MOSFET ( FET)

30, 32 has a respective source 34, 36, drain 38, 40,
channel (under the gates between the respective source
34, 36 and drain 38, 40), and gate 46, 48 overlying
the respective channel. Each channel has a channe

wi dt h t hrough which the electrical current (el ectrons
(N MOSFET) / hol es P- MOS Q%% nove between source 34,
36 and drai i 88 Xy esRadimeniofthe Pressitnveption the

I ngt h
ORI By 1) AMOSTEIRTIY A0l Khaosloy
perrangidulat de.rekbiosit £0% tditheoti¢rsatiorbeft thedh FEAe R-MOSEE Atiannel

e, gdirection by which the
qufg?&(?’ |cgllug§%{?5q§ﬁﬁet?’g\/el s between the source and

drain, and the channel length is the direction
roughly perpenci_@ cul ar o the channel w dth. As shown
in FIG 7A {1eBYWHRAIETAgN Fhexerpplant anbermen of B present

irvahBof, N ﬁﬂ\h@%ﬁz@f (Rt '3@eméy B8 FordLEWRAhSN- WSF‘@Y (FET) active

optlonal or later ann form respectlve
region ﬂa@nﬂuawaM@&FﬁTo(ﬂfﬁ() i3@phanbe forsratewhind3-BIOSFET (FET)

A, 66A. 58A 68A
B RMOSRRCE e a8 Peneeroepbhivd ity s, oo
dMDSBET40, ft?mab((&hd&nﬁe@d%@g%ﬁ/e@gah@ eée{rféctt}/é' B?urce 34, 36 and
i nt e s | aye may exert Stresses
dfﬁiﬂﬁgp“ Y Hé? ﬁég‘}%ﬂ\ier[@m Wﬁﬁa%r@%ﬁ@i%nﬁ@rﬁamﬁmel has
a%aﬁﬁeﬁﬂ@%h‘r fﬁ@\fcﬁ"fhe E%trﬁ?éﬁ&ﬂ}‘&t (bRerbeOa. SFET)/holes

stress a er exerts a unil axl a conpressi ve
(R-BJOShET Hénwe:Ee’tWﬁmrﬂﬁ)@rca B¢ t3eant! deain B8 for eleh:erons (N-

MASAER] (aMidlidh v B8 AT B FIGSEET) 4R aTRaRRS 160 R

uni axi reSS|ve
perpendicular to the channel width. That is, the channel width is the direction

between the source and drain and defines the direction by which the electrical
current travels between the source and drain, and the channel length is the
direction roughly perpendicular to the channel width.

As shown in FIG. 7A the B containing ion implantations 50, 60
into the selected nitride liner sidewalls and any optional or later anneal form
respective relaxed nitride liner portions (implanted stress layer portions) 52A, 62A;

S4A, 64A; 56A, 66A; 58A, B8A which lessens the stress exerted into respective N-
MOSFET channel(s) and P-MOSFET channel(s).

The un-implanted stress layers 24, 26 may exert stresses on the

channel regions to improve device performance.
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(C on the P-FET channel in the channel w dth
direction (direction between S and D). Since a

uni axi al conpressive stress in the channel wdth
direction inproves P-MOSFET and a uni axi al
conpressive stress in the channel |length direction of
the channel (as seen in FIG 7A) does not degrade
N-MOSFET significantly, the | ayout of the N-MOSFET

and P- MOSFET are ortho onal (i.e. right angles) t
each ot her tAS $hayybipe-! l@&ﬁ@'ﬁ@éﬁ"%ﬂhﬁﬁ%@"ﬁnsﬁﬂ@é@iayer24

If
SRERE I R pTRRAEs 1) SRR Bl 3] ylfagion o

thaen dharorel widh P- MOSFET t hi s further i nproves its |dsat.
FIG 7B, in an exenplary enbodi nent of the present
invention, is a cross section of FIG 7A at line "713

- 7B" and shnasSefsid steediadyer 20 exigtd 4 Dﬁlbx%ﬂcmbfésgwe force
ont n |on| lants inits sndevvallsformng{
H“%?ﬁ) eahaing ingibe shasnepwidth disectionddireation fteeen S and

C, in an exenplary enbodi nent of the present
i'nvention is a cross section of FIG 7A at "C - C'
and shows a nitride Iiner 26 without Bion inplants

I S not t hat, t

[/1) inits.sid | | he botto
t( he 2 r enche‘;S 'i es%WE" adgprqpﬁ%sfsgfﬁ %EPSS '?%h? chayy ﬁ) hcgbggectlon
irbriveb HFEMUSFE:TI esd aaatanalt coeresses btré@d iRk |cﬁa(3ﬁ§ ¢ength
the trenches 16 18 can be one tre
dyr 66%‘9{%1% tBﬁPBaWﬂff' haggesn &t hKs)7A)tees méde@fﬁ@ﬁd‘l‘ré&o%ﬁT
f r
SRR the Ry QP oo MO SE L g U OSPET 2o DRGSRl Tc. o
righbaitt esrio eagh othmrdo improve P-MOSFET performance without sacrificing

performance on the N-MOSFETs.

For the N-MOSFET 30 this lessens the degradation of its ldsat
and for the P-MOSFET this further improves its Idsat. FIG. 7B, in an exemplary
embodiment of the present invention, is a cross section of FIG. 7A at line “7B -
7B" and shows a strained nitride liner 24 with B containing ion implants in its

sidewalls forming B ion-implanted nitride liner portions 64A, 54A.

FIG. 7C, in an exemplary embodiment of the present invention is
a cross section of FIG. 7A at "C — C” and shows a nitride liner 26 without B ion

implants (/1) in its sidewalls.

It is noted that the bottom of the trenches also can get implanted.
It is also noted that the trenches need not have vertical walls (see above). Also,
the trenches 16 18 can be one trench (communicate with each other). The one

trenches can surround the two or more active regions.
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sectional view of FIG 7A along line "7D-7D", N MOSFET
(nFET) 30 is forned over the N-MOSFET active area of
substrate 10. N-FET 30 is conprised of S/D regions
34, 38, gate 46 and channel region 42. |nplanted
stress layer portions 62A, 52A, 64A, 54A conbi ned

Wi th non-inplanted stress |ayer portions 24 (see FIG
7A, for exanple) causes conpressive stress C on
channel region 44 (also see FIG 7A, for exanple).
Referring to FIG 7E, in an exenplary enbodi rrent, a

Cross secti FETeWPEubdfate’ A @l ong line "7E-7E",
P- MOSFET (p 3§|T|§s n?o?rred over the P-MOSFET active

area of substrate 10. P-FET 32 is conprised of S/D
regi ons

d ch | i pn 44,
ol ant ed sRasBIHECoaP! A SRRplabEAnBog ikt s sross
sé@tﬁﬁla'ﬂ/@w 351G OR AXRGTIHhE )70 NAGOBFENT (ﬂPETZGD'@erﬁ\@d

| ayer portions 26 causes conpreSS|ve stress

o¥pihedN- MQ@FEE 3432"? aregpolsabsiratg 1 A-FEJ 30 isxaamyprised of S/D
r%@ﬁné‘@zl' %) g ah8 %hhﬁe%fg%ﬁsﬁ. %?!ﬁg&ﬁ %&aﬁeﬁ' n[gz%ons

exert conpreSS|ve stFess 1'n
CRAMBAEGA A& Hadfnedrebiasd stithwmoni- mnmiaetedfmetssmyeg perems| 24 (gee

G o exapie Bededt el staen Clateanslst région 4 talso
s6OMPGERA] f6f ekampledbout -0.2 to -1.5 GPa from about
-0.2to -1.5 GPa Stress

Referring to FIG. 7E, in an exemplary embodiment, a cross
sectional view of FIG. 7A along line “7E-7E", P-MOSFET (pFET) 32 is formed over
the P-MOSFET active area of substrate 10. P-FET 32 is comprised of S/D regions
36, 40, gate 48 and channel region 44. Implanted stress layer portions 66A, 56A,
68A, 58A (see FIG. 7A, for example) combined with non-implanted layer portions
26 causes compressive stress C on channel region 42 (also see FIG. 7A, for
example).

The un-implanted tensile stress layer portions 24 26 can exert a
compressive stress in the N-MOSFET and P-MOSFET channels as shown in the
following exemplary table:

Perpendicular to N- Parallel fo P-MOSFET 32 Channel
MOSFET 30 Channel Width
Width
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Wiile FIGS. 1 through 7A, 713, 7C, 7D and 7E
illustrate an N netal - oxi de- sem conduct or
field-effect transistor (N-MOSFET) and a P-netal -

oxi de- sem conductor field-effect transistor (P-MOSFET)
fornmed so the respective N MOSFET(s) channe

| ength(s) are roughly perpendicular to the respective
P- MOSFET(s) channel length(s). It is noted that the

~et-hod-of--the present invention —may he applied to

GompresikmsrEnm aboyt 82 to--{1sPPes| franmpost -2 #ehl .5 GPa
gdi ment FIG 7F As shown in|FIG 7F, in another

exenpl ary enbodi nent of the present invention, an

N-FET (or N MOSFET) 30 and P-FET (or P- MOSFET) 32 are

£ = ha 10 d  had
forred—+n—substrate—10—as—generally-deseribed—-abeve:

In this exenplary enbodi nent however, instead of
form ng separate trenches 16, 18 sur r oundi ng one or
nore respective n-FETs 30 and p- FETs 32, a single

(STI) trenchVhite FESS.ok mgfbMe?B,néC,tmaa@rﬁEdﬁu tate we N-
i B8ud-2prol Glpt e OB/t HRR M TS ERT At otal-

ozidéesmhlbsndmxﬂortfmid -bfeditdmsidtos{ FoM Q3te: N-BilRTed 6o dmdrespective

N6 S5 FRAIR 5 8%pbd re  G8 Hofve
M@QFar(s%hbﬁy@nergglh@I €1} riyd Beat tfﬁ@ﬁﬂ?ﬁﬁbo%f th8 p@éséﬂmnventlon

for exa ners 21 may be, for exanple, the
W%@p@feddﬁd@?thrM%SFEﬁ%QEWE’ MOSHEJS. exanpl e, for a
silicon substrate 10, oxide liner 21 may be conprised
of silicon oxide. Oxide liners 21 nay be formed by,

for exanple, oxidation of the exposed STI trench
wal | s. Each oxide liner 21 may have a

Single Trench Embodiment — FIG, 7F

As shown in FIG. 7F, in another exemplary embodiment of the
present invention, an N-FET (or N-MOSFET) 30 and P-FET (or P-MOSFET) 32
are formed in substrate 10 as generally described above.

tn this exemplary embodiment however, instead of forming
separate trenches 16, 18 surrounding one or more respective n-FETs 30 and p-
FETs 32, a single (STI) trench 19 is formed to define the common active region 15
for the (one or more) n-FET 30 and (one or more) p-FET 32. Trench 19 extends
between the outer sidewalls and to the sidewalls of the N-FET 30 and P-FET 32
(each having oxide liner 21 and (nitride) liner 25).
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t hi ckness of, for exanple, fromabout 10 to 110
angstrons, and nore preferably fromabout 50 to 80
angstrons. Liners 21 may be conprised of other
suitable nmaterials. Respective inherent tensile
stress (e.g., nitride) liners 25 are forned over
respective sidewalls of trench 19 and over respective
oxide liners 21. Stress liners 25 nmay be conpri sed

of, for exanple, silicon nitride, silicon oxynitride
or a sili cogafmtfteﬂpﬁéﬁﬁ flh'eesbw'thﬁwwaﬁ'%lag%%iwam gpY% be
Cﬁﬁ%ﬁ%f%ldki 'fblCQ:Eb%n%I%f' de. Each nitride liner 25 may

ave a thickness or exanple, from about 50 to
250 angstrons, preferably fromabout 75 to 125

t bout, 100 a ,
N eri de i nebdBlifers T BRas SR bl A OB o Elterying
sllestraté 0. Ber eiarnplesd ai slicoheabetraet iokidediney 1w be

in tur xerts a bstantially uniaxial stress into
opBaRd PhalGer e OLRRARRI(E) MaPerormpstRsfor sxample,

osesaam}ebm)e -exXpBEe@ S MRbAch #A)15 EEEMidd ﬁﬁl?r'd@m@&%b@%

i ner exerts a conpressi ve stress wt
tm@wea pf ver axavapleETommabaet MOSFETO cngatneins, am model prefferably

(P RAE s e SOTRIGRRINSER B ATl K b oo e

nraddidisty) while a conpressive stress within P-MOSFET
channel 44 inproves the P-MOSFET ldsat (enhancing its
hole nobility). This is true for either a high

conpr essi ve I@SES&%élhﬁénen??en%ﬁé% rbSs geoi_pﬁm )®hers 25 are

greater t han about - , Or a ressive stress
fqrmsyl over r@pacﬁveassleweﬁs obtredgrot® ab@ gver @spectPa awdde ness 21.

L R T —"

of sisllicownjtride/silicon oxynitride stack and are preferably silicon nitride.

Each nitride liner 25 may have a thickness of, for example, from
about 50 to 250 angstroms, preferably from about 75 to 125 angstroms and more
preferably about 100 angstroms. Nitride liners 25 each may have an inherent
stress (as will be discussed in greater detail below) which in turn exerts a
substantially uniaxial stress into respective N-MOSFET channei(s) and P-
MOSFET channel(s). For example, an inherent tensile nitride liner 25 exerts a
compressive stress within respective N-MOSFET and P-MOSFET channels 42,
44,

For example, a compressive stress within N-MOSFET channel 42
degrades the N-MOSFET Idsat (reducing its electron mobility) while a
compressive stress within P-MOSFET channel 44 improves the P-MOSFET Idsat

{enhancing its hole mobility). This is true for either a high compressive stress (HS),
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defects that could propagate along the STl edge during
the STI process and |eading to | eakage i ssues and
serious yield concerns. The one or nore n-FETs 30 and
p- FETs 32 are formed so that their respective gates
46, 48 are roughly orthogonal (at a roughly 90 degree
angle) to each other. That is, each and every n-FET
gate 46 is roughly orthogonal to each and every p-FET

te 48 a hown FIG 7F. Wile only single devices
“%g s éﬁ?fﬁﬁé Ogﬂmﬁﬂf:tﬁarrcﬁ@utrﬁ GRmer adpim CF%‘@P*’??HS‘V% gtrassg (LS),
tMﬁ%% g s!ré§§8f‘frél% 56&& GTE'GMJ{O‘? A £cPa, ‘ithg%%ﬁé?ﬂﬁ)at Qfuriigh

devi ces @%/ formed in accordance wth
agveishiafigst of high 8Tpstressis thepessibitity. ofthe formeativs edf (sititon)

BRI Yol TP B0 301 o056 0o R lrfeeRa e
[eaniiraniot lbekagexiesmdsaand eemgi yiEldtcontetnke present
i nvention, a mask, such as a photoresist mask, for

exanple, may be fornmed over the portions of the

trench(es) (fiediadd @o@”ﬂ#@"!’s@@)‘ém F@I’s §-233re]f$7m59§0 that

to be ion inplanted in conjunction

thytir, respptliypi gaieAb oy Brecroughlyiarihogaoal (ahe'rewgw Sfreleghee angle)
SREEHTED B Ao A SO nEET PR Rg ChedBEltbogpnet o caor

an() evifyi mFEfroga‘:e 4Bragt drewabiowdGd@Bcr i ption numer ous
specific details are set forth such as flow rates,

pressure settings, thicknesses, etc., in order to

provide a nyyKie 34 %%T@é@ﬁcé@ﬂ?rﬁ%%%%ﬂﬁ Fil?eﬂ—“ one

resent invention. Those skilled in the art
skiled inigetanavopdwecogize thagsultinde (elgnheusamrss of gash févees

rr{a%‘} erfofthéd WH&MHQJ}C&\R/%M& t%achings of the present invention.

Other subsequent steps may be employed such as forming
contacts, etc.

P. Non-limiting example embodiments

It is noted that in another exemplary embodiment of the present
invention, a mask, such as a photoresist mask, for example, may be formed over
the portions of the trench(es) (sidewalls and/or bottom) 16, 18: 117 not to be ion
implanted in conjunction with, or instead of, employing an angled ion-implant.

The steps may be performed in any order that achieves the
result. There may be advantages in performing the steps in a specific order.

In the above description numerous specific details are set forth

such as flow rates, pressure settings, thicknesses, etc., in order to provide a more
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and wll vary fromone brand of equi pnment to another.
It wll be obvious, however, to one skilled in the
art that the present invention nmay be practiced

wi t hout these details. In other instances, well known
process have not been described in detail in order to
not unnecessarily obscure the present invention.

Unl ess explicitly stated ot herw se, each nunerica

tpiigh Fideral e SRS risent sglion. Hiose SIBRR el
r@él%@Qﬂﬁ%d\r\F@ s@szﬁ@%r re%f dérﬁ% tirfddl %?Q o ABE% ard éﬁ%ﬁbn‘ié}‘ﬁ specific

vari ety of exanp nmbodi ments 6 pr esent
anﬂwihvawﬁrqrugned)e@@d pheayipmiest @lﬂi\ﬁéh@reﬁwlil peiobrioasdhowever,

bSO LB R S bl B A% PR

detedlsi lm:vcﬁhdan instahass, veghknsw prodked haves hovearindbscribed in detail in
O{q%’éﬁrl b d with ref%rence to the Preferred enbodi nent s

L URREGRSFINY QG HErBE ERPARY NVRBY: skilled in

the art that various changes in formand details may
be made without departing fromthe spirit and scope
of the i nvemriens. explicitly stated nthedwise, eastenuwearicgwsiue and

IR AR ESTTe BreteR e it ARAARARIE AL ARl BT
“dypradomte ¢ tdorebeddat edeshbemdfehpraitatoreangs as to

enconpass all such nodifications and simlar
arrangenments and procedures. 24 W claim 1. A nethod

of form ng g MiheonRfes) Qife)?érﬁbléte tﬁwduﬁ@ﬁi@rdf%ﬁé‘ﬁre%aﬁt

stes of: providing a substrate; Hgormng a
cpquhéema@@ﬂr thecabaviselasceptim andillngtratignssshoy not be taken

'Ilgfﬁﬁﬁ mg? Pmﬁég%@séﬁtr |ﬁ§5’nt10§ fgaﬁ‘mgé{ By thigiapRECS! N

renc stress

While the invention has been particularly shown and described
with reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without
departing from the spirit and scope of the invention. It is intended to cover various
modifications and similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest interpretation so as to

encompass all such modifications and similar arrangements and procedures.
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havi ng an i nherent stress; the stress |ayer having
stress layer sidewalls over the trench sidewalls;

i mpl anting ions into one or nore portions of the
stress layer to formion- inplanted rel axed portions;
the portions of the stress |ayer that are not
inplanted are un-inplanted portions; whereby the

i nherent stress of the one or nore ion- inplanted

rel axed portions is relaxed. 2. The nethod of claim1
whi ch further conprises annealing the one or nore ion-
i npl anted rel axed portions; the stress |ayer has an

i nherent tensile stress. 3. The nethod of claim1l
Wehclelmf urt her conprises the ion inplant conprises
inmplanting with a ion that reduces the stress in the
stress layer after inplant and substantially retains

1t Aenétpbaxs toradin@a Sentitoridietdiistriastird avdiprafddihe steps of:
subsequent anneal s; annealing the one or nore

i on- PYRYIGRG 8®UPea®ed portions; the anneal of the

t enpior s BnCEWRKFBYLRAS, I3 B HATESL Bbrdhing sidewalls

et htumaig glstiess thyahevei the tipposiog tienph aiterals sthaxsbess layer
o BB R e A Bl AR e

trehet eidewialle, stress |ayer has inherent tensile stress
of the stress layer is fromabout 0.5 to 1.4 GPa and
t he Bpplagdngions it ohe B mersrRoriansaidae shess laygstq fgrm ion-

; ) 0 im
RGN et s s Bons o TSRS PRl BetrSnft iupigrec
ateagn-smplantesspartians; ivehereloythebioberedt stress ofGbe ohetdrenore ion-

inhag%{e%nrtelatxggSp'olrheonsétig Fa3x &, the

2. The method of claim 1 which further comprises annealing the one or more ion-

implanted relaxed portions; the stress layer has an inherent tensile stress.

3. The method of claim 1 which further comprises
the ion implant comprises implanting with a ion that reduces the
stress in the stress layer after implant and substantially retains the relaxed stress
in the stress layer after subsequent anneals;
annealing the one or more ion-implanted relaxed portions;
the anneal of the ion-implanted relaxed portions is performed at a temperature
greater than about 750 degrees C.

4. The method of claim 1 wherein the ion-implanted relaxed portions have a boron

(B) concentration of from about 1E15 to 2E15 atoms/cm®.
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stress layer. 7. The nethod of claim 21 which further
conprises the steps of: formng a first |iner over
the trench and under the stress layer; filling the
trench with a dielectric |layer over the stress | ayer;
and formng a field effect transistor in the active
area. 8. The nmethod of claim 1l wherein the stress

| ayer is conprised of silicon nitride and the

un-i npl ant eg portions exert a stress into proxinmate

Spbhe HE%&%O%P ¢laig 1 shisseindhe stress tayer Ras mbgrasit tensdlermtress of the
she&! Blor Erﬂ%rﬁ L8865 %o FABPLSHAY Pk s%‘e%é bﬂhestﬁ"fet bP@o%‘%laxed
a second section; the first section being aligne

pewiogh lis/fromt aheyd Al toy0.2 &R4e second section; the

trench defining an active region of the substrate

where a transistor can be forned; and the inplanting

60Thé hestheef ¢lsinan vargbiadhé oReioMPh@Btios-MmplaatediraRixe@Martions
are substantially i nBIcyant ed into the stress |ayer
has gesfiess dhatds fraw ghaut 0 % de d0dnobihg inkereat lepsiesTgsswitthe
' d into stress |layer sidewalls in the second
sﬂggs?tllég%ﬁ 10. The method of claim 1l wherein the
i npl anted ions conprise boron containing ions. 11.

T net ho f._claim. kch further, . conprisgs

7 i MRS pPlaith S Wi LT shbbSs 1 BRAAT e axed
por t fopmingga dramieseiver thideehchadUader tABSte88Riyiese

bor on r&g contai nj ng ions inplanted at a dosage of

f r ontill Yenehywith g dielectiis layes pyprihe stiegs sayesnncher gy

of T{RMIRPLLYUEId cFrebPtrLidtBY i the active area.

8. The method of claim 1 wherein the stress layer is comprised of silicon nitride
and the un-implanted portions exert a stress into proximate portions of the
substrate.

9. The method of claim 1 wherein the trench is comprised of a first section and a
second section; the first section being aligned roughly orthogonalty to the second
section; the trench defining an active region of the substrate where a transistor can
be formed; and

the implanting of the ions is an angled ion implant so that the ions are
substantially implanted into the stress layer sidewalls in the first section and

substantially not implanted into stress layer sidewalls in the second section.

10. The method of claim 1 wherein the implanted ions comprise boron containing

ions.

11. The method of claim 1 which further comprises annealing the one or more ion-
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the one or nore ion-inplanted rel axed portions have a
boron ion concentration fromabout 1 E 15 to 2 E 15
atons/cnB; and the anneal of the ion-inplanted rel axed
portions is perforned at tenperature greater than
about 750 degrees C. 12. The nethod of claim1 further
conprising the steps of: formng a first |iner over
the trench and under the stress layer; and filling

the trench with a dielectric |ayer over the stress
imgkpated relxedorignsand whe@iii m 1 furt her conpri si ng

th i : - | - oxi
o Sichrfan (B ioR]bribreBorbn B cBhtaMtidion e hdnted at a
dpsage offremtatmut t et iy 2the5 ators/astt aod at Br MDBRIFTof from about

i.ngludi a channel region having a channel wdth
SttﬂgtO%%\{}ghl y parallels the one or nore ion-inplanted

rel ayrdomobt indhs ionkinglartbd eslaxédyertionahang addromleer ent
tensile stress, 14 _The nethod o E;?Iag_ml further
CEBFRIHIAIPAdram 808tieh Eotd oot Fi 2@y @Rs@NBne N

met aly YaYal A,

(1~ MUY BRI Blfed (ot SRR
témpénatiira greateh thanedbaué gbonlegeads?g. a channel wi dth t hat
Is roughly perpendicular to the one or nore
ion-inplanted rel axed portions, the stress |ayer
1Ravhametod bhelamnt! futihed dotnigiesthe stéps dihe met hod of
claim1 further conprising the steps of: formng at

| eastorByRg plRitiner aygrdae %ﬁF'&é‘HQWSFth@i sregs éyescand

{1 anshink e rBncMIRh BldicBEGHKIAR QvbRthd diRASfaydrne at

| east ohe P-MOSFET including a channel regi'on having
a channel width that roughly parallels the one or nore

159%& ﬂpeltﬁt% Sldclaﬁ'rz 1 rfﬁlltﬁéec%nﬁ)&fstirjld) iz stgﬁ? gf %rming at least one P-

metal-oxide semiconductor field effect transistor (P-MOSFET) proximate the

trench, the at least one P-MOSFET including a channel region having a channel
width that roughly parallels the one or more ion-implanted relaxed portions, the

stress layer having an inherent {ensile stress. |

14. The method of claim 1 further comprising the step of forming at least one N-
metal-oxide semiconductor field effect transistor (N-MOSFET) proximate the
trench, the N-MOSFET including a channel region having a channel width that is
roughly perpendicular to the one or more ion-implanted relaxed portions, the

stress layer having an inherent tensile stress.

15. The method of claim 1 further comprising the steps of:
forming at least one P-metal-oxide semiconductor field effect transistor (P-
MOSFET) proximate the trench, the at least one P-MOSFET including a channel

region having a channel width that roughly parallels the one or more ion-implanted
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form ng at | east one N netal -oxide sem conductor field
effect transistor (N MOSFET) proximate the trench, the
at | east one N-MOSFET i ncluding a channel region
having a channel width that is roughly perpendicul ar
to the one or nore ion- inplanted rel axed portions,
the stress |ayer having an inherent tensile stress.

16. The method of claim 1l wherein the stress layer is
conprised of nitride, silicon nitride or
r§pn$%BHH%Wﬁ|@WQde 17. The nethod of claim 1 wherein

each f&%:ﬁggt 298t &5 ROt ?Fld}%@hﬁ@éﬁﬁ:c{cﬁﬁ%ﬁ t frapsistor (N-

portions are rough para to éac
f\é@SHEﬁ" ) pghdnyatmethpémmm}‘xaratﬂeast eneN-bTOSRET ammdmg mvhennet

b PRUFRT EngRtel W A B B A REbuBl et G more fon-

idplameddifetaxeeiiptidizd, ng the steps of: providing a
substrate formng a trench within the substrate, the

the shess Ry bRy AR dihesenitarsile SEess. forming a stress
Iayer over the opposing trench sidewalls, the stress
% havi ng an i nherent stress; the stress |ayer
he @Wésthtméstcilamyémimrdewae Istresw rye Feecorn prisecitof nitride, silicon

nt|ng ions into one or nore portions
@#S?“ﬁ g??%ggﬁ r to formion- inplanted rel axed
portions; mhereby the inherent stress of the one or
[ [ anted rel axed portions of stress |ayer

1%2&{%? 19?%25?‘% n?@ﬁ'&&éd\' hersin eped qhdhergbe 6F maraiion-replantedielaxed
pBHTér{geJr CTGHIY ?glsag;é(gtgee?ichr!ﬂhér%doﬁ% 2 chWBD&hig perpendicular to

lon-1 np F anted porti ons: ress
eagh iohthesone ahmpenundropleintes mirtiesswhich8re roughly paratlei to each

other.

18. A method of forming a semiconductor structure, comprising the steps of:
providing a substrate;
forming a trench within the substrate, the trench having opposing sidewalls;
forming a stress layer over the opposing trench sidewalls, the stress layer
having an inherent stress; the stress layer having stress layer sidewalls over the
trench sidewalls;
implanting ions into one or more portions of the stress layer to form ion-
implanted relaxed portions; whereby the inherent stress of the one or more ion-

implanted relaxed portions of stress layer portions is relaxed.

19. The method of claim 18 which further comprises annealing the one or more

ion-implanted relaxed portions; the stress layer having an inherent tensile stress.
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{ 20. The nmethod of claim 18 further conprising the
step of annealing the one or nore ion-inplanted

rel axed portions at a tenperature greater than about
750 degrees C. 21. The nmethod of claim 18 further
conprising the step of annealing the one or nore
ion-inplanted rel axed portions; the ions are conprised
of boron containing ions, the stress |layer having an
inherent tensile stress of fromabout 0.5 to 1.4 GPa,

ZQn?sihe methed pkdainyf 8fudhesfonsirising: beisien phpnnaalieg the one or
e rre?ﬁﬁgmep QQ%xba p&)@tﬂ\flﬁﬁ er el nn‘%e?atb% gl%a?er%:& aég‘ﬂ 750

degtemedel portions have a boron (B) concentratl on of
fromabout 1 E15 to 2E15 atons/cnB. 23. The nethod of
claim 18 wherein the trench defines an active region

20f Thé enetsetbst ¢laive 18M@tiedrvotngriselgthefst&e bf aririasihg ted one or
can be fornmed, the field effect transistor being

W%Pﬁ%’ﬁ'wa'ﬁtﬁ@ rekexpd PORIRNSI sing: fornming a fi rst Iiner
i%hsta?&;ﬁﬁlsﬂtg(ﬂj QOMP%nté,mg sdfess layer; filling

e trenc dielectric ayef over the stress
th@yteess layer hafvmgrarmmmrémtéeusﬂ@fﬁtms of fransalsaud0.5 to t. HeGPa, and
Lve A et hod a_sem.conduct or
o R P LR pufk i Rae P BhieFeliad pdrGiius AELabl 0.0 0
osuBsrate; formng a first and second trench W|th|n
the substrate, the first and second trenches each
havi ng opposing trench sidewalls; formng a stress

baYﬁé R{é\ﬂ%d 5N GaihPFBSHdrYR the [ -iRPANRRCRMkeBRRPRHEhave a

trenc
boron (B) concentration of from about 1E15 to 2E15 atoms/cm?.

23. The method of claim 18 wherein the trench defines an active region of the
substrate wherein a field effect transistor can be formed, the field effect transistor
being formed by the steps comprising:

forming a first liner over the trench and under the stress layer;

filling the trench with a dielectric layer over the stress layer; and

forming a field effect transistor in the active area.

24. A method of forming a semiconductor structure, comprising the steps of:

providing a substrate;

forming a first and second trench within the substrate, the first and second
trenches each having opposing trench sidewalls;

forming a stress layer over the respective first and second opposing trench
sidewalls, the stress layer having an inherent tensile stress;

implanting ions into one or more portions of the stress layer ata
predetermined angle:
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sidewal | s, the stress layer having an inherent tensile
stress; inplanting ions into one or nore portions of
the stress layer at a predetermned angle: 29 i) to
formfirst ion-inplanted stress |ayer portions over
the first trench; ii) to formsecond ion-inplanted
stress layer portions over the second trench; and ii)
| eaving first un-inplanted stress |ayer portions over

the first_trench and second un-inplanted stress |aye
portions byeforimirstiopdrwlantehetiess lﬂﬁ@rmowevwﬁemﬂﬁr@nch

stress of ;i{{gofnh %ééorﬂ{‘ﬂnqﬁfbﬁ%ﬁﬁed ?ﬁ’r s g b&lond g@@rs’[he second

| ayer portlons I's rel axe secon
i on- traptiEreneld stress Iayer portions being roughl y

er pendi cul.ar to t ,and, second un
et Bee | aPbRaybd el orhekiniBd Srarsigver bl pRGkRe st renoh
P- rmtaﬂ& s@éﬁ@dﬁuﬁ@ﬁpl@ﬂmtﬁs l&ye | pdriefrisasler tiaBsEFdFench;
I\/[ﬁlzf roxmateth;flrst trench, the P-MOSFET
ﬁé@% ghiaerentHRss of tayyfitsh ang serrnhiopHemiRNtedstess layer
g)y&hl I
p?”Fﬁé‘%ﬁ QAL W AL i Socort oRFimpltda LRk 1B BEMBHS being
ranighdy perpexiidgelas dnthedirduand seddngl uh-isiflaatedtstress |Ia;,teo portions;
ﬁﬁl— MOSFET) proxi mate the second trench, the N MOSFET
cluding a channel region having a channel w dth

t hat fdrmiiggughl y perpendi cul ar to the second
ion-inplanted rel axed stress |ayer portions.

met hod of 2LptdpAst NS rErdphoigR spHirendpetor Hﬁlﬂaaﬁe@atrarﬂswtor (P-
an aREEEET PHroximate the first trench, the P-MOSFET including a channel

region having a channel width that is roughly parallel to the first ion-
implanted relaxed stress layer portions; or

b) at least one N-metal-oxide semiconductor field effect transistor (N-
MOSFET) proximate the second trench, the N-MOSFET including a
channel region having a channel width that is roughly perpendicular to the

second ion-implanted relaxed stress layer portions.

25. The method of claim 24 wherein the ions are implanted at an angled ion

implant, and wherein the first and second trenches are connected.

26. The method of claim 24 wherein the ions are implanted at an angle of about 7
degrees.

27. The method of claim 24 wherein the first and second ion-implanted stress layer

portions have a boron (B) concentration of from about 1E15 to 2E15 atoms/cm®.

28. The method of claim 24 wherein the stress layer has an inherent tensile stress
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i mpl ant, and wherein the first and second trenches are
connected. 26. The nethod of claim 24 wherein the ions
are inplanted at an angle of about 7 degrees. 27. The
nmet hod of claim 24 wherein the first and second
ion-inplanted stress |layer portions have a boron (B)
concentration of fromabout 1 E15 to 2E15 atom S/ CMB.
28. The nethod of claim 24 wherein the stress Iayer

an inherent tensile stress 30 of from about 5to

h
Oﬁﬁarr@@tﬁ@aﬁ tnb4 &R aad Hhe shess pirtbe figel @nd sesaad r@a&e@aress
la?e'?%%ﬁnon%%’ 6npé>daut@raﬁto'@ c;sﬂén about 0.0 to 0.2 GPa.

e net claim?2 urt her conprising the step
anneallng the first and second i on- |nplanted

? e TS 7 Bt B R AR St

bor oant&lingahé ﬁl‘em Iaﬂ@ seetnd ioPingnafdd atress HReRp6rtdhs at a
about 1 Ely to atops/cn?2 and_at an energy of

temReRatEE Of Aty tﬁ]@” @@%t 79heegiese Gion-i npl anted fir st
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| ONn concentra
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cohearitragion lof WotrhatsoudilEeab iR 5 atgeis/@wer the stress
| ayer. 31. The nmethod of claim 24 further conprising

the step of annealing the first and second

30 OT‘hé Frdtiged Sﬂclé&ﬁ g@ ﬁjr{r%Y%n’ggfs?rieg"tgé sMnsdoft €Mper at ur e

of greater than about C. '32. The net hod
of cfaamingea flveﬁi dnesi over e trenels enﬁ amder ihe stresp layeedaral

sili ﬁ!ﬂﬂg 'fHet {régc% with a dielectric layer over the stress layer.

31. The method of claim 24 further comprising the step of annealing the first and
second ion-implanted stress layer portions at a temperature of greater than about
750 degrees C.

32. The method of claim 24 wherein the stress layer is comprised of silicon nitride
and the un-implanted first and second stress layer portions each exert a stress into

proximate portions of the substrate.

33. The method of claim 24 including the step of forming both at least one P-
MOSFET proximate the first trench and at least one N-MOSFET proximate the
second french.

34. A semiconductor structure, comprising:

a substrate:
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and the un-inplanted first and second stress |ayer
portions each exert a stress into proxinmate portions
of the substrate. 33. The method of claim 24 including
the step of form ng both at | east one P- MOSFET

proxi mte the first trench and at | east one N MOSFET
proxi mate the second trench. 34. A sem conduct or
structure, conprising: a substrate; 31 a trench
within the substrate, the trench havi ng opposi ng

t r endrepghvathin e substiates e frafel havieg 09%@9%5@@% galls; and
tr ené'%tr\%@é \aéner bbé%lzbso%?égt@%%ncﬂ%\‘/éi!%gtr%”stzééggn e)%c?)trhar\{g}gean

tensile str 'ayer 1 ncl
inherentdensilersitass| thgetresp dayar omstuding iong or nranglexed stiess layer

Pt gl afed ldbibdaT o1 Feon nicri de. 36 The

structure of claim 34 wherein the inplanted ions are
Boron (B)-con nin ions., 37. The structure of claim
384T éwtwq ﬂég}%* BheEa tha plagesd ayelrig $empaipeg of silicon

nWé_l ons have a concentration of boron of from about
E 15 to 2 E 15 atons/cnB. 38. The structure of claim
34 wherein the inherent tensile stress of the stress

spt el TR e o o R O RN 8T B
iomgout 0.0 to 0.2 GPa. 39. The structure of claim 34

wherein the one or nore rel axed stress | ayer portions
have a stress that is fromabout 0% to 40% of the

37TIRE SilicthfNSt &i8ins 84 GFer&h thd'8ne or more relaxed stress fayer portions

have a concentration of boron of from about 1 E 15 to 2 F 15 atoms/cm?®.

38. The structure of claim 34 wherein the inherent tensile stress of the stress layer
is from about 0.5 to 1.4 GPa and the stress of the one or more relaxed stress layer

portions is from about 0.0 to 0.2 GPa.

39. The structure of claim 34 wherein the one or more relaxed stress layer portions
have a stress that is from about 0% to 40% of the inherent tensile stress of the

stress layer.

40. The structure of claim 34 further comprising:
a dielectric layer over the stress layer; and

an oxide liner under the stress layer.

41. The structure of claim 34 further comprising at least one P-metal-oxide
semiconductor field effect transistor (P-MOSFET) proximate the trench, the P-

MOSFET including a channel region having a channel width that roughly paraliels
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stress layer. 40. The structure of claim 34 further
conprising: a dielectric |layer over the stress |ayer;
and an oxide |iner under the stress layer. 41. The
structure of claim34 further conprising at |east one
P-nmet al - oxi de sem conductor field effect transistor
(P- MOSFET) proximate the trench, the P- MOSFET
i ncludi ng a channel region having a channel w dth that
oughl arallels 32 the one or nore rel axed stress
t{‘%&?g? OEBFCF?éﬂ@’Fe slress gy RteRF-e of claim 34 further
conprising at |east one N-netal -oxide sem conductor
field effect transistor (N MOSFET) proximte the
42 dhelsiructviee nE cIRiDSBE futherlcodipniging atHeastainerNgiatal-oxide

seifedt il RPN Grod Ve Dslon fR b PSERS BoabrimBl FFRrcH, Ble -
MOBFETrindtding aodhaminal g hdvirid Behaansipuits hat isabughly
| east .. one P-netal -oxi de sem conductor field effect

PEFRANAIH 0 (e ORBEFERTE FRlBXehBIeST i¥et paHens. t he

P- MOSFET i ncl udi ng a channel region having a channel
wi dth that roughly parallels the one or nore rel axed
434 f be struelyes of f%aim Bérfarthancbrapridiegist one N-net al - oxi de
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rpendi cul ar to the one or nore rel axed stress |ayer
agﬁ\aﬁﬂsh\g'dﬂn at ighGf paTeliele éhe,pNe kTS delped Fipss layer

poRMRE shdig at | east one P-type field effect

at least one N-metal-oxide semiconductor field effect transistor (N-
MOSFET) proximate the trench, the N-MOSFET including a channel region having
a channel width that is roughly perpendicular to the one or more relaxed stress
layer portions.

44. The structure of claim 34 further comprising at least one P-type field effect
transistor (P-FET) proximate the trench, the P-FET including a channel region
having a channel width that roughly parallels the one or more relaxed stress layer

portions, the stress layer being comprised of nitride.

45. A semiconductor device comprising:

a region of semiconductor material;

an isolation trench formed in the region of semiconductor material, the
isolation trench having opposing sidewalls;

a stress layer having stress fayer sidewalls lining the isolation trench, the
stress layer sidewalls overlying the isolation trench opposing sidewalls, the stress

layer having an inherent stress, the stress layer having one or more annealed ion-
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transi stor (P-FET) proximate the trench, the P-FET

i ncludi ng a channel region having a channel w dth
that roughly parallels the one or nore rel axed stress
| ayer portions, the stress |ayer being conprised of
nitride. 45. A sem conductor device conprising: a
regi on of sem conductor material; an isolation trench
formed in the region of sem conductor material, the

i sol atjon trench having opposing sidewalls; a stress
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or nore anneal ed ion-inplanted rel axed stress
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proximate the Tsolation'tren
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rallels.t one or nore npl ant ed
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shtelviattipdriRfdsect -t ransi stor (N-FET) forned proximate the
isolation trench, the N FET including a channel
regi on having a channel width that is roughly
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I on- |np anted rel axed stress layer side
redgxedrteessdaywrsiddwal pomivns arheughiy fdrellane eaa:h othice, the one or
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PR ERIRDATE SRRy hsinhfpliSitsns 2 ruidbberdlel T fach other
afAd each of the one or more relaxed stress layer sidewall portions are roughly

orthogonal to each of the one or more un-implanted stress layer sidewall portions.

47. The device of claim 45 wherein the stress layer is nitride, silicon nitride or

silicon oxynitride.

48. The device of claim 45 wherein the stress layer is silicon nitride and the un-
implanted sidewall portions exert a stress into proximate portions of the region of
semiconductor material.

49. The device of claim 45 wherein the ion-implanted relaxed stress layer sidewall
portions are implanted with boron (B) ions.

50. The device of claim 45 further comprising a first liner over the trench and under

the stress layer and a dielectric layer over the stress layer filling the trench.
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nore un-inplanted stress |ayer sidewall portions are
roughly parallel to each other and each of the one or
nore rel axed stress |ayer sidewall portions are
roughly orthogonal to each of the one or nore
un-inplanted stress |ayer sidewall portions. 47. The
device of claim45 wherein the stress layer is
nitride, silicon nitride or silicon oxynitride. 48.
The device of claim45 wherein the stress layer is
silicon nitride and the un- inplanted sidewal

orLi _ ) h » . :
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er _sidewall portions are inplanted with boron (B)
zkgﬁéﬂmgﬁgnﬁhe device of claim45 further conprising a

first liner over the trench and under the stress

|ayer and a dielectric |ayer over the stress |ayer
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52. The structure of claim45 wherein the inherent

tensile stress of the stress layer is fromabout 0.5

to 1.4 GPa and the stress of the one or nore

ion-inplanted relaxed stress |layer portions is from

about 0.0 to 0.2 GPa. 35
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